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Disputed Territories: An Alternate History

A Spatial Narrative of Architecture in the Conflict Zone
Architecture and the built environment are the mediums onto which political and physical events and forces are registered. This thesis explores the potential of Drones (UAVs) as a tool
to launch a spatial investigation into disputed territories of the built environment. The objective
of this specific work is to produce and represent spatiotemporal analysis and architectural evidence of the unlawful systematic destruction of Arab neighborhoods and villages in the disputed
territories—here in relation to the continuous power shifts in the disputed internal boundaries
between the Kurdistan Regional Government (KRG) and Iraqi Federal Government in Iraq.
The increasing availability and advancements in UAVs technology and surveying techniques allows for the creation of accurate, high-quality, 3D models of the built environment
through the process of 3D photogrammetry. These techniques and capabilities of drone mapping
allow the disputed territories and their destruction to become a navigable space of investigation.
By locating this destruction in their contexts and extracting physical details from their sites, we
can locate the longer threads of socioeconomical and political processes that are encapsulated
within these incidents in the world of which they are part. In doing so, this thesis engages with
the theoretical and historical relations between architecture, media, and violence in which the
drone becomes the tool for the creation of spatial narratives and digital spatial organizations to
analyze the built environment. This is reinforced by the use of historical documents such as satellite imagery, maps, reconnaissance data, photogrammetric maps, and ground truthing.
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Tool | Drone (Unmanned Aerial Vehicle Sysytem)

This Project situated within a thesis research group that puts emphasis on the use of tools in Architecture. The research group started with a study of the tool, experimenting using its techniques and having an aspiration of utilizing the tool on how it can affect the built environment.

+30˚

Tool: DJI Mavic Pro
Quadcopter Drone

0˚

Up to 4.3mi (7km) Transimission
Distance

The Tool

Camera: 12 MP
Lens: FOV 78.8˚ 26 mm
Image Size: 4000x3000
Pitch: -90˚ to +30˚

-90˚

Remote Control

SmartPhone
(Applications)
GPS Equipped Drone
Georeference Images

Mavic Pro is a Quadcopter manufactured by DJI. The quadcopter drone has an onboard GPS system along with an
onboard computer that allows the drone to autonomously collect and capture geo-referenced photographs along a
preplanned waypoint path. The drone is powered by a Lithium-ion battery that can fly up to 27 minutes. In the case
of large mapping sites, multiple batteries are used to carry out multiple flights in order to map the whole site.
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Drone or (Unmanned areal vehicle or system) is a tool that has gained popularity
within the last decade, the word drone is interpreted differently by different people. Drones
come in a wide variety of sizes and shapes with different uses, the topic has a controversial
history to it, dating back to the 19th Century...
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Drone Mapping
One of the major uses of a drone in the professional world
is Surveying or 3D scanning of landscape and buildings. The geo
referencing of data and the autonomous flight abilities along the ease
of use of the drones have led to the increased use of this technology,
as well as the development of many platforms and software specific to
drone photogrammetry use in terms of acquiring accurate sets of data
and producing precise 3D models of the landscape. The date collected
from the drone is used in 3D photogrammetry platforms to convert
them into accurate 3D models that are measurable and useful in
terms of evaluating elevations, topography, and physical conditions of
the site.

acquiring Aerial images for the 3D photogrammetry
Software: Dronedeploy App

The Technique

Drone Mapping

Model process throught Pix4dmapper software
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Model process throught Pix4dmapper software

Infrared and RGB models, Tarek Rakha, 2018
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Aerial Photogrammetry
Aerial Photogrammetry is the process of utilizing a drone or aircraft to produce aerial photography,
which can be turned into a 3D model or mapped digitally. *

Image projection

Image Overlap

3D Point Construction

Photogrammetry mapping
is the science of making measurements from photographs. The
output from photogrammetry software is typically a 3D map, a 3D
drawing or a 3D model of some
real world object or land mass.*

* Corrigan, Fintan. “10 Best Photogrammetry Software For 3D Mapping Using Drones.” DroneZon. October 06, 2018. Accessed November 23, 2018. https://www.dronezon.com/learn-about-drones-quadcopters/drone-3d-mapping-photogrammetry-software-for-sur-
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Aerial Photogrammetry (Continued)
Images Collected
FrontLap

80%

Image per dot
Sidelap

75%

%75 Sidelap

Process Area Via Pix4dMapper

Flight path Spacing
100’

The acquiring of Drone photographs to construct a 3D model or
a 3D map is based on set parameters in which the photographs are taken
within. These parameters are setup using mapping software or Drone Apps
that support waypoint planning, the parameters include the field of vision of
the camera, altitude of the drone in which the photographs will be taken at
in relation to the take-off point of the drone, and the front and side overlap
of the photographs. These parameters are then calculated into a waypoint
pathway that is spaced to accommodate the specific overlap of photographs
on the desired mapping site in which the drone will be deployed at.

Altitude:
300’

Image Overlap

NADIR
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3D Photogrammetry
The collected Photography from the Site is then collected and proccessed through ‘Pix4d Mapper’ which is a
software that uses Photogrammetry and computer vision algorithms to transform both RGB and multispecral images into 3D maps and models.*

The produced 3D point-cloud and the texture mesh model are accurately measurable and Geo-located,
which can then be classified, segmented, be used to measure volume and area within the software or it can be exported as many mesh and point-cloud files that are compatible with most of the current CAD Software’s including,
Rhinoceros 3D, AutoCAD, and Autodesk 3ds Max.

Figure: Orthomosaic and the corresponding sparse Digital Surface Model (DSM) before densification, Pix4d Mapper quality report.

Figure: Screenshots of the skytop quarry model in Pix4d mapper
* Trout, Christopher. “Pix4D Turns Your 2D Aerial Photographs into 3D Maps on the Fly”, “Engadget”, 7 May 2011.
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Fig: Top view of the textured mesh produced in Pix4d Mapper along with serial sections produced through Rhinoceros 3D.
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Point-Cloud Classification
Generally, the produced point-cloud from aerial imagery can contain millions of points, in the case of this
field experiment it produced around 250 million points. Point-cloud classification then becomes an important part
when dealing with large number of points in order to identify and separate different sets of data to make the analyzing process more efficient and accurate.
Pix4d Mapper uses a deep machine learning algorithm that is integrated into the software in order to segment and classify the point-cloud models*. The software uses machine-learning technology to help the system
“learn” how to classify point clouds by taking advantages of imagery-based, machine vision techniques to maximize
the algorithm’s ability to quickly, robustly, and repeatedly classify the point cloud data derived from the photogrammetry engine. The system “learns” to identify buildings, trees, hard ground surface, rough ground and human-made
objects. This learned behavior is then integrated into the core of the main software which uses the learning dataset to
classify user’s point-cloud and photogrammetry models.*
Pix4D Mapper currently classifies the points into five different classes which are:

- Road Surface: this class is mainly roads, sidewalks and ground pathways.
- High Vegetation: this class mainly segments trees and vegetation above the ground level.

Point-Clouds
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* ”Automatic Point Cloud Classification for Construction.” Pix4D. November 1, 2017. Accessed November 23, 2018. https://www.pix4d.com/blog/construction-surveys-point-cloud-classification.
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Ground Texture
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Vegetation

Ground

19

20

Buildings

Human Intervention
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Zakho

The Projection

Dahuk

The Disputed Territories

Warna

Zumar

Sheikhan
Fayde

Akre

Tilkaef
Sinjar

Tal Afar

Bashiqa
Mosul
Hamdaniya

KRG Governorate

Erbil

Makhmour

Kirkuk

ISIS Controlled Areas 2014-2017 (Approx.)

Suleymaniya

Disputed Area
Oil Reserve
2003 Green Line
KRG Border as of November 2017
Sub-districts Border

Baghdad
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The Disputed Territories, Northern Iraq

Internal Border Conflict

Since Kurdistan Regional Government (KRG) in Iraq was established in 1992,
the border between the federal government and the KRG has shifted and is in constant dispute.

Although the official border of the KRG government is defined by the 2003 Green, the territorial control
shifts according to the political and military conditions of the disputed region. The disputed region is rich in natural
resources and arable land that it makes it a critical region for both governments to hold on to. The timeline of the
territorial control over the Disputed Region is outlines in the following maps...

In 2005, under the new Iraqi constitution, article 140 identified the mechanism to settle the disputed areas through the restoration of all demographic changes
and by referendum to decide land claims, to be held no later than 2007. Since then,
many attempts to change the demographics and the cultural characteristic of the
disputed territories have been carried out by both governments in order to secure their
political and economic interests in the area.
The lack of clarity regarding the threshold of the disputed territories has raised
many issues and led to many conflicts between the two governments and has been the
main cause of many violations of human rights, international humanitarian law, and
war crimes.
During the rise of the terrorist organization, ISIS, which took control of many
of the disputed areas for a period of time, KRG government seized most of the disputed territories back in 2015. However, the war against ISIS has been used as a cover to
carry out systematic destruction of Arab villages and neighborhoods within the disputed territories.

KRG Territory from 1991-2003
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KRG Territory from 2003-2008

ISIS Controlled Territory 2014
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KRG Regained Territory from ISIS 2015-2016

KRG Retreat to the Green line October 16, 2017
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The Systematic Destruction of Villages in the Disputed Region
The KRG Forces were accused by a Human Rights Watch in a report called “Marked With An “X”” by destroying villages and homes in conflicts with ISIS after liberating those villages. The report bases its evidence on satellite imagery from the period the Iraqi Kurdish forces liberated the villages to show a pattern of destruction of Arab
houses and villages in the disputed region of northern Iraq. The following satellite images were taken of villages after
being recaptured by KRG forces. However, a thorough ground truth analysis is missing from the report that could
show the type of destruction that occurred in the sites, the destruction could be a result of IEDs planted, air strikes,
burning, or demolition. By using drone mapping technologies, and 3d point cloud construction, a careful analysis of
these building can detect the method of destruction registered in the remaining architecture within these villages.

HRW Reports on Destruction of Arab Houses and Villages in a total of
84 Villages in the DIB.
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Project Sites
These three villages are a part of the 80+ villages that are documented to
have sustained substantial damage after the Kurds liberated them from ISIS.
•
These three sites were
captured by the ISIS in late
2014 and later liberated by the
kRG forces in 2015.

Ammar Kuwayr

Misqalat

Teleskuf

These three sites were captured by the ISIS in late 2014 and later liberated
by the kRG forces in 2015.
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Misqalat was liberated alongside Teleskuf from ISIS in September 15,
2014 ending the 3 months long occupation of ISIS of these villages.

Telskuf
Misqalat
Front Line

Misqalat

Telskuf

Ammar Kuwayr
East of Mosul Dam, Iraq: 2019 Terraserver, Digital Globe, May 25, 2016

September 07, 2014

Ammar Kuwayr, Mosul, Iraq: 2019 Terraserver, Digital Globe, Oct 26, 2016

April 01, 2016

May 25, 2016

May 25, 2016

September 07, 2014

Ammar Kuwayr, Mosul, Iraq: 2019 Terraserver, Digital Globe, September 07, 2014.

October 26, 2016

April 01, 2016

October 26, 2016
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Kurds Neighborhood
Population: 114 Families
Main Occupation: Farmers
Minimal Damage to the Houses
No Sign of destruction

Arabs Neighborhood
Population: 40 Families
as of January 2019: only 5 Families have Returned
Main Occupation: Shepherds
Large damage to Houses and
Sheds
Signs of Systematic destruction

Panorama view of Misqalat. January 8, 2019
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The Dense Pointcloud is classified into categories to distinguish different objects and isolate certain
objects in the built environment.
In the case this site, they are divided to Kurds
houses in the North, Arabs in the South, Debris of the
destruction remaining on the site and the front line of
the Peshmarga during ISIS War.

Using contemporary drone mapping techniques, these sites were scanned
to create high quality Dense point cloud models
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Teleskuf
Population: 5000
Ethnic kurds belonging to Chaldean
Catholic Church
Occupations: Government employees and
farmers
Minimal Damage to Houses
No sign of Systematic Destruction

47

48

Ammar Kuwayr

In Ammar Kuwayr, footage of deliberate destruction was
shared that shows the method of bombing of the houses
and their destruction.

Population: less than 10 families
Ethnic Arabs
Occupations: farmers and Shepherds
Complete Destruction of the Village
Signs of Systematic Destruction
October 26, 2016

A 3D model is constructed from using the footage alongside satellite imagery to analyze the
destruction pattern
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The three mosques shown are one of
the only few structures still standing
in the village which are completely
undamaged.
By detecting their orientation (Qibla)
and the architecture features of a typical mosque from the satellite maps,
we can prove that these three buildings are mosques.
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Bombing Patterns and Destruction Methods

2
1

5

4

3

By Analyzing and comparing the destruction methods and bombing patterns of these three different
villages. we can connect the destruction of these houses and neighborhoods to the side responsible for the
destruction.

5
4

Teleskuf

Misqalat

1
2
3
1

3

2
4

4

2
1

5

5
3
5
4

Misqalat

Teleskuf

Ammar Kuwayr

In the Three villages shown here, Teleskuf (Left) was damaged from combat between ISIS and the Peshmarga forces (KRG) at the same time when Misqalat (Middle) was attacked by the same group. However, the
destruction pattern and methods used in Misqalat carry the same fingerprints to the Debris in Ammar Kuwayr (Right) which proves that these two villages were destroyed by the same group using similar methods.

1
2
3
2
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Teleskuf

Misqalat

Ammar Kuwayr
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